This study analyzes CO 2 emissions reduction targets for various countries and geopolitical regions by the year 2030 in order to stabilize atmospheric concentrations of CO 2 at the level of 450 ppm (550 ppm including non CO 2 greenhouse gases). It also determines CO 2 intensity cuts that would be needed in those countries and regions if the emission reductions were achieved through intensity-based targets while assuming no effect on forecasted economic growth. Considering that the stabilization of CO 2 concentrations at 450 ppm requires the global trend of CO 2 emissions to reverse before 2030, This paper-a product of the Sustainable Rural and Urban Development Team, Development Research Group-is part of a larger effort in the department to study climate change and clean energy issues. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at gtimilsina@worldbank.org. this study develops two scenarios: reversing the global CO 2 trend in (i) 2020 and (ii) 2025. The study shows that global CO 2 emissions would be 42 percent above the 1990 level in 2030 if the increasing trend of global CO 2 emissions is reversed by 2020. If reversing the trend is delayed by 5 years, the 2030 global CO 2 emissions would be 52 percent higher than the 1990 level. The study also finds that to achieve these targets while maintaining assumed economic growth, the global average CO 2 intensity would require a 68 percent drop from the 1990 level or a 60 percent drop from the 2004 level by 2030.
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Introduction
Article 2 of the United Nations Framework Convention on Climate Change (UNFCCC) defines the ultimate objective of the Convention as 'stabilization of atmospheric concentrations of greenhouse gases (GHGs) at a level that would prevent dangerous anthropogenic interference with the climate system' (UN, 1992) . The level of stabilization has not been unambiguously determined yet because of scientific uncertainties involved in the climatic system, the dynamics and capacity of the adaptation systems (Kopp, 2004; Metz and van Vuuren 2006) . However, existing studies, such as Stern's Review suggest that the risks of the worst impacts of climate change can be substantially reduced if GHG concentrations can be stabilized between 450 and 550 ppm 1 CO 2 equivalent (CO2e) (Stern 2006) 2 . Moreover, a large number of studies analyzing long-term climate change mitigation policies have also considered a range of 450 to 550 ppm of CO 2 concentrations by the year 2100 (Grubb et al 2006; Weyant et al. 2006; Weyant, 2004; Schellnhuber et al. 2006 ). Stern (2006) concludes that if the current rate of emissions continues, the GHG concentrations could double its pre-industrial level by 2035; and stabilizing at or below 1 PPM stands for Parts Per Million; it refers to the number of CO 2 molecules for every one million molecules of dry air. 2 The current (as of year 2005) level of atmospheric concentrations of CO 2 is about 380 ppm, 35.4 percent higher than the pre-industrial level of 280 ppm (IPCC, 2007) . If other GHGs are also included, the current level of GHG concentrations reaches 430 ppm CO2e (Stern et al 2006) . CO 2 concentrations at 450 ppm, global CO 2 emissions require to start declining before 2030, the earlier is the better (Grubb et al. 2006; Weyant et al. 2006; Stern, 2006) . 4 Russia and Ukraine are allowed to emit during the first Kyoto Commitment period at the level of their 1990 emissions; however it is not expected that these countries will achieve their economic recovery by 2010. Their actual emissions during that period would therefore be smaller than that they are allowed for.
This difference is defined as "surplus allowance". It is popularly known as "hot air". were to meet without sacrificing economic outputs, by how much would emission intensities be reduced in both Annex I and non-Annex I countries? No answers to these specific questions can be found in the existing literature.
To address the research gaps mentioned above, this study first develops two plausible scenarios to reverse the trend of global CO 2 emissions before 2030. The first scenario considers reversing the global trend by 2025 through increased mitigation targets for Annex I countries and stabilization of non-Annex I countries' emission at their 2025 level. The second scenario examines the possibility of reversing global emission trend 5 years earlier in 2020 through stabilization of non-Annex I countries' emission from that year and with Annex I emission targets as specified in the previous scenario. (Environment Canada, 2007) . Argentina was the first non-Annex I country to commit an intensity based emission reduction target (Argentine Republic 1999). Theoretically, both absolute emission based targets and emission intensity based targets result in the same level of mitigation as long as these target are set appropriately (see e.g., Ellerman and Wing, 2003) . Our study shows that targets based on emission intensity would be higher than that based on absolute emissions because economic outputs are expected to increase in future.
The paper is organized as follows. Section 2 develops the methodology and describes data sources followed by a brief discussion of historical as well as projected CO 2 emissions through 2030 in Section 3. Also discussed in Section 3 is the historical and projected trend of CO 2 intensities. Section 4 links the global GHG mitigation implied by the Kyoto Protocol during its first commitment period with the atmospheric stabilization of CO 2 concentrations; this section also presents the two scenarios developed for the purpose of this study. This is followed by an analysis of emission 5 The reasons behind the use of data from USDOE will be discussed in Section 2.
reductions by various countries and regions to reverse the global trend of CO 2 emissions before 2030. Section 6 translates the absolute emission based targets into emission intensity based targets. Finally, key conclusions are drawn in Section 7.
Methodology and Data
Future emissions are calculated using information on the base year (e.g., 1990 for most Annex I countries) emissions and absolute emission targets:
where em j,y and em j,0 refers to CO 2 emissions of a country or region j in a year y and the base year, respectively; ι applied in this study are discussed in Section 4.2. The emission intensity of a country or region j in year y (int j,y ) is estimated using its CO 2 emissions (em j,y ) and GDP (gdp j,y ):
One of the objectives of the study is to calculate the emission intensity based targets equivalent to absolute emission based targets. The equivalent intensity based targets, From Equation (1) and Equation (4), we obtain:
where ι where gdp j,0 is GDP of a country or region j in the base year. As an economy of a country grows, ι GDP j,y becomes greater than one.
The understanding of the relationship between the absolute emission target and the intensity based target is very important. Equation (5) demonstrates that the relationship between these two targets depends on future expectations on economic (i.e., GDP) growths. For example, if a country expects higher economic growth, its emission intensity is required to be cut at a rate greater than that of its absolute emissions to achieve the same level of emission reductions. The reverse would be true if the country expects an economic downturn in the future.
The study uses data, particularly CO 2 emissions and GDP from the Energy Information Administration (EIA) of the United States Department of Energy (EIA 2007a and EIA 2007b 
Global CO 2 Emissions and Intensities
This section briefly discusses on historical and future CO 2 emissions as well as CO 2 emission intensities of various countries and geopolitical regions 8 . Table 1 and Figure 1 present historical and future CO 2 emissions from energy related activities 9 , country/regional mix in global CO 2 emissions and average annual growth rates of emissions experienced over the last 25 years and expected over the next 25 years. There is a slight difference between the historical emissions and the projected emissions; while the historical emissions account for emissions from oil and natural gas flaring, the projected emissions do not. The difference, however, is negligible and hence ignored. Figure 3 and Baumert et al. (2004) reports that global average CO 2 intensity is about 15 percent smaller than global average GHG intensity in 2000.
CO 2 Emissions

CO 2 Intensity
12 Decomposition analyses could be helpful to explain the factors responsible for emission intensity trends (Lee and Oh, 2006; Wang et al. 2005 There are two very interesting and important findings from this emission intensity analysis. First, developing countries like China, India and even Africa are expecting higher percentage drops in their CO 2 intensities than developed countries in future.
Secondly, developing countries' future CO 2 intensities would remain, as in the past, much smaller than that of most developed countries by 2030 (Please see Table 2 ). These findings could provide an important insight during the negotiations for post-Kyoto commitments. 
The Kyoto Protocol and Stabilization Scenarios
The Kyoto Protocol
The Kyoto Protocol to the UNFCCC mandated Annex I countries to limit their 
Stabilization Scenarios
The ultimate objective of the UNFCCC is to stabilize GHG concentrations in the atmosphere to avoid climate change (UNFCCC, 1992) . Due to scientific uncertainties in the climatic system the concentrations level to be stabilized has not been unambiguously determined yet (Metz and van Vuuren 2006) . However, there is a general understanding among the scientific community that atmospheric concentrations of CO 2 may need to be contained below 450 ppm to avoid the "dangerous interference" mentioned in the UNFCCC text (Kopp 2004) . If non-CO 2 GHGs are also included, the concentrationss level would be 550 ppm CO 2eq . Non-CO 2 GHGs would have significant impacts on global warming because of their much higher rediative forcing (or global warming potential) compared to CO 2 (IPCC 2007). Moreover, their inclusion provides flexibility to reduce the costs of stabilizing the GHG concentrations (e.g., Weyant et al. 2006 ).
However, non-CO 2 GHGs are often excluded from most existing studies because of lack of data (Sarofim et al 2004) . This study too does not include non-CO 2 GHGs because neither historical nor forecasts of these gases are available to the details needed here.
To stabilize atmospheric CO 2 concentrations at 450 ppm level, global CO 2 emissions must decline before 2030 (Grubb et al 2006; Stern 2006 16 . In the case of Annex I countries, their emissions paths are assumed to follow the targets as specified below in both scenarios:
• For OECD Annex I countries, GHG reduction targets in 2010 doubles in 2020 and triples in 2030 no matter whether or not the Annex I countries participate in the 15 This does not mean that every Non-Annex I country has to stabilize their CO 2 emissions. Our focus here is the stabilization of Non-Annex I countries' total emissions, which could be achieved if major NonAnnex I emitters reduces their emissions leaving least developed countries to emit in their BAUs. 16 The study also estimates CO 2 reductions required from the Annex I countries to reverse the global CO 2 trend before 2030 even in the absence of Non-Annex I countries' efforts in so doing. 
Reductions in CO 2 Emissions under the Stabilization Scenarios
The percentage reduction of CO 2 emissions in different countries/regions from their 1990 levels under both scenarios are presented in Table 4 
The Intensity based Targets for Atmospheric Stabilization
It would be interesting to investigate how much cuts in emission intensities would be required if the Scenario 1 and 2 were to achieve through intensity targets meaning that de-carbonization of economies without sacrificing economic outputs (i.e., GDP) 17 . Would it be feasible to achieve the required emission reductions through intensity based targets meaning that without affecting the expected economic growths? To answer this question is beyond the scope of this study. Climate change policy models, particularly based on dynamic general equilibrium settings, might be able to answer this query. Further studies are hence needed to investigate whether or not intensity based targets could lead to the atmospheric stabilization of CO 2 concentrations at the level implied by the Article 2 of the UNFCCC.
Conclusions and Final Remarks
This study analyzes CO 2 emissions reduction targets for various countries and geopolitical regions by the year 2030 in order to stabilize atmospheric concentrations of CO 2 at the level of 450 ppm (550 ppm including non-CO 2 GHGs). Moreover the study determines the level CO 2 intensity cuts (or intensity based targets) needed in those countries and regions to achieve the emission reductions without negatively affecting their expected economic growth. We developed two scenarios to reverse the trend of global average CO 2 emissions, which is otherwise expected to increase by approximately If intensity based targets instead of absolute emission targets were to use to achieve the same levels of emission reduction, our study finds that the former would be significantly higher than the latter. In order to reverse the global trend of CO 2 emissions by 2020 and maintaining it 42 percent above the 1990 level in 2030, average CO 2 intensities at global, non-Annex I and Annex I levels would be cut by respectively, 68, 63 and 72 percent from the respective values in 1990. In 2030, the percentage cut in average emission intensity of Annex I countries is 2.6 times as high as the percentage cut in their total emissions. This study does not investigate whether or not such cuts in CO 2 intensities are feasible. Further studies are therefore needed to examine the viability of intensity based targets to stabilize atmospheric stabilization of GHG concentrations at the level implied by the United Nations Framework Convention on Climate Change.
